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(57) ABSTRACT 

In one embodiment, a method for controlling an aircraft 
comprises providing an attitude error as a ?rst input into a 
neural controller and an attitude rate as a second input into 
the neural controller. The attitude error is calculated from a 
commanded attitude and a current measured attitude, and the 
attitude rate is derived from the current measured attitude. 
The method also comprises processing the ?rst input and the 
second input to generate a commanded servo actuator rate as 
an output of the neural controller. The method further 
comprises generating a commanded actuator position from 
the commanded servo actuator rate and a current servo 

position, and inputting the commanded actuator position to 
a servo motor con?gured to drive an attitude actuator to the 
commanded actuator position. The neural controller is 
developed from a neural network, wherein the neural net 
work is designed without using conventional control laws, 
and the neural network is trained to eliminate the attitude 
error. 

28 Claims, 16 Drawing Sheets 
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SYSTEM AND METHOD FOR 
CONTROLLING MODEL AIRCRAFT 

RELATED APPLICATION 

The application claims the bene?t of priority under 35 
U.S.C. § 119(c) of US. Provisional Application No. 60/385, 
315 ?led on Jun. 3, 2002, the entirety of Which is incorpo 
rated herein by reference. 

BACKGROUND 

1. Field 

The present invention generally relates to aircraft control 
techniques and, in particular, to a system and method for 
controlling an aircraft via the use of a neural netWork 
controller. 

2. Description of the Related Art 
Aircraft generally have three ranges or aXes of motion 

(roll, pitch, and yaW), and it is necessary to actively control 
the aircraft’s motion about each of the three aXes of motion 
via one or more aerodynamic actuators. In general, for 
?xed-Wing aircraft (e.g., airplanes), roll, pitch, and yaW are 
primarily controlled via the aircraft’s ailerons, horiZontal 
stabiliZer, and vertical stabiliZer, respectively. For rotary 
Wing aircraft (e.g., helicopters), roll and pitch are generally 
controlled via the aircraft’s main or horiZontal rotor, and 
yaW is generally controlled via the aircraft’s tail or vertical 
rotor. HoWever, it is common for a particular actuator to 
contribute to more than one aXis of motion, and it is possible 
for other types of actuators to be employed in addition to 
and/or in lieu of the aforementioned actuators. 

Properly controlling an aircraft’s motion can be a dif?cult 
task, particularly in environmental conditions (e.g., 
turbulence) that cause the aircraft to behave in an unpre 
dictable manner. Indeed, most pilots spend an enormous 
amount of time and effort in learning hoW to properly control 
their aircraft. 

Control of model aircraft (i.e., miniature, unmanned 
aircraft) adds an additional layer of dif?culty since there is 
no on-board pilot that can apply the appropriate inputs for 
properly controlling the aircraft. A “pilot on the ground” 
cannot sense nuances in the aircraft movement and, thus, can 
become disoriented very quickly. For eXample, if a helicop 
ter is facing aWay from a pilot (i.e., helicopter nose points in 
same direction as pilot’s nose), then the pilot’s left is the 
helicopter’s left. But, if the helicopter yaWs 180 degrees and 
faces the pilot, then the pilot has to change his/her orienta 
tion and method of thinking because “left is right” and “right 
is left.” A pilot on board Will never face this problem. 

Rotary-Wing model aircraft are inherently unstable in that 
they lack positive dynamic stability. With ?xed-Wing 
aircraft, their actuators can sometimes be positioned or 
con?gured such that the ?xed-Wing aircraft generally main 
tains stable ?ight Without additional input from the actuators 
(also called trimmed ?ight). HoWever, most rotary-Wing 
aircraft ?y in an unstable manner unless control inputs for 
the actuators are continuously provided. One draWback is 
the resulting dif?culty of controlling a remote-controlled 
(RC) aircraft in ?ight. 

For eXample, in order for a user to successfully ?y and 
control a RC helicopter either for fun or business, the user 
has to be an eXpert pilot. In addition to having to knoW hoW 
to ?y, the user also needs to knoW hoW to autorotate the RC 
helicopter in the event that the RC helicopter engine quits or 
stalls in mid air. The skills required to autorotate a helicopter 
is very different from the skills required to ?y the helicopter. 
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2 
Even for RC ?Xed-Wing aircraft, the user needs to knoW hoW 
to glide the aircraft to the ground. 

SUMMARY 

In one embodiment, a method for controlling an aircraft 
comprises providing an attitude error as a ?rst input into a 
neural controller, the attitude error calculated from a com 
manded attitude and a current measured attitude, providing 
an attitude rate as a second input into a neural controller, the 
attitude rate derived from the current measured attitude, 
processing the ?rst input and the second input to generate a 
commanded servo actuator rate as an output of the neural 

controller, generating a commanded actuator position from 
the commanded servo actuator rate and a current servo 

position, and inputting the commanded actuator position to 
a servo motor con?gured to drive an attitude actuator to the 
commanded actuator position, Wherein, the neural controller 
is developed from a neural netWork, the neural netWork 
designed Without using conventional control laWs, the neural 
netWork trained to eliminate the attitude error. 

In another embodiment, an apparatus for controlling an 
aircraft comprises an attitude sensor operable to provide a 
current attitude, a differentiator operable to receive as input 
the current attitude and derive an attitude rate, a neural 
controller operable to receive a plurality of inputs compris 
ing an attitude error and the attitude rate, the attitude error 
calculated from a commanded attitude and the current 
attitude, the neural controller also operable to generate a 
commanded servo rate from the plurality of inputs, the 
commanded servo rate applied to a current actuator position 
to generate a commanded actuator position, and a servo 
motor operable receive the commanded actuator position, 
the servo motor further operable to drive an attitude actuator 
to the commanded actuator position, Wherein the neural 
controller is developed from a neural netWork designed 
Without using conventional control laWs. 

These and other embodiments of the present invention 
Will also become readily apparent to those skilled in the art 
from the folloWing detailed description of the embodiments 
having reference to the attached ?gures, the invention not 
being limited to any particular embodiment(s) disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing draWings incorporated in and forming a 
part of the speci?cation illustrate, and together With the 
detailed description serve to eXplain various aspects of the 
implementation(s) and/or embodiment(s) of the invention 
and not of the invention itself. 

FIGS. 1A and 1B illustrate an exemplary RC model 
helicopter mounted to a 3-aXis test stand suitable for control 
by a neural controller, according to one embodiment. 

FIG. 2 illustrates a block diagram of one embodiment of 
a neural netWork roll attitude control, according to the 
present invention. 

FIG. 3 illustrates a block diagram of one embodiment of 
a neural netWork pitch attitude control, according to the 
present invention. 

FIG. 4 illustrates a block diagram of one embodiment of 
a neural netWork yaW attitude control, according to the 
present invention. 

FIG. 5 illustrates an eXemplary neural netWork for learn 
ing 3-dimensional relationships. 

FIG. 6 illustrates a block diagram of one embodiment of 
an exemplary closed-loop process for a neural netWork 
helicopter attitude control, according to the present inven 
tion. 
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FIG. 7 illustrates a How chart of one embodiment of a 
method by Which a neural controller is developed, according 
to the present invention. 

FIG. 8 illustrates an example of an operator-induced 
decaying sinusoidal Wave stimulus. 

FIG. 9 illustrates a RC model helicopter mounted on a test 
stand and canted a positive 0t degrees from a roll neutral 
position. 

FIG. 10 illustrates an exemplary depiction of the effect of 
an exponentially decaying sinusoidal Waveform on a RC 
model helicopter mounted to a test stand. 

FIG. 11 illustrates an exemplary graphical depiction of a 
training region, according to the present invention. 

FIG. 12 illustrates an exemplary graphical depiction of a 
training region comprising tWo regions of overshoot, 
according to the present invention. 

FIG. 13 illustrates an exemplary graphical depiction of an 
upper performance-shaping line and a loWer performance 
shaping line about a transient response curve, according to 
the present invention. 

FIG. 14 illustrates a block diagram of one embodiment of 
an exemplary closed-loop process for a neural netWork 
having a neural controller tuning concept, according to the 
present invention. 

FIG. 15 is a table illustrating an exemplary mapping 
betWeen a plurality of input training sets for a RC model 
helicopter roll attitude and its corresponding commanded 
servo rate, according to the present invention. 

FIG. 16 is a table illustrating exemplary chronological 
results of an iterative roll attitude error input bias calculation 
for a RC model helicopter, according to the present inven 
tion. 

DETAILED DESCRIPTION 

The various embodiments of the present invention and 
their advantages are best understood by referring to FIGS. 1 
through 16 of the draWings. The elements of the draWings 
are not necessarily to scale, emphasis instead being placed 
upon clearly illustrating the principles of the invention. 
Throughout the draWings, like numerals are used for like and 
corresponding parts of the various draWings. 

Turning ?rst to the nomenclature of the speci?cation, at 
least one embodiment described in the detailed description 
that folloWs is presented largely in terms of processes and 
symbolic representations of operations performed by 
computers, including computer components. A computer 
may be any microprocessor or processor (hereinafter 
referred to as processor) controlled device capable of 
enabling or performing the processes and functionality set 
forth herein. The computer may possess input devices such 
as, by Way of example, a keyboard, a keypad, a mouse, a 
microphone, or a touch screen, and output devices such as a 
computer screen, printer, or a speaker. Additionally, the 
computer includes memory such as, Without limitation, a 
memory storage device or an addressable storage medium. 

The computer, and the computer memory, may advanta 
geously contain program logic or other substrate con?gu 
ration representing data and instructions, Which cause the 
computer to operate in a speci?c and prede?ned manner as, 
described herein. The program logic may advantageously be 
implemented as one or more modules. The modules may 
advantageously be con?gured to reside on the computer 
memory and execute on the one or more processors (i.e., 
computers). The modules include, but are not limited to, 
softWare or hardWare components that perform certain tasks. 
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Thus, a module may include, by Way of example, 
components, such as, softWare components, processes, 
functions, subroutines, procedures, attributes, class 
components, task components, object-oriented softWare 
components, segments of program code, drivers, ?rmWare, 
microcode, circuitry, data, and the like. 
The program logic can be maintained or stored on a 

computer-readable storage medium. The term “computer 
readable storage medium” refers to any medium that par 
ticipates in providing the symbolic representations of opera 
tions to a processor for execution. Such media may take 
many forms, including, Without limitation, volatile memory, 
nonvolatile memory, ?ash memory, electronic transmission 
media, and the like. Volatile memory includes, for example, 
dynamic memory and cache memory normally present in 
computers. Nonvolatile memory includes, for example, opti 
cal or magnetic disks. 

It should also be understood that the programs, modules, 
processes, methods, and the like, described herein are but 
exemplary implementations and are not related, or limited, 
to any particular computer, apparatus, or computer language. 
Rather, various types of general-purpose computing 
machines or devices may be used With programs constructed 
in accordance With the teachings described herein. Similarly, 
it may prove advantageous to construct a specialiZed appa 
ratus to perform some or all of the method steps described 
herein by Way of dedicated computer systems With hard 
Wired logic or programs stored in non-volatile memory, such 
as, by Way of example, read-only memory (ROM). 
The present disclosure is generally directed to a system 

and corresponding methods that facilitate the control of 
aircraft in ?ight. In accordance With one embodiment of the 
present invention, a servo motor for moving one of the 
aircraft’s actuators is given an open-loop stimulus (e.g., a 
sinusoidal control signal With exponentially decreasing 
amplitude) that causes the servo motor to move the actuator 
such that the aircraft oscillates at least once about one of the 
aircraft’s axis of movement. During the oscillation, data 
indicative of the aircraft’s response to the open-loop stimu 
lus is captured. This data is then utiliZed to train a neural 
netWork used for controlling the aircraft’s actuator. 
More speci?cally, the data is utiliZed to train the neural 

netWork to control the actuator such that the actuator tends 
to return the aircraft to an equilibrium position When dis 
placed from the equilibrium position. In other Words, the 
neural netWork is trained to “Zero-out” an attitude error (i.e., 
a displacement from the equilibrium position). Once the 
neural netWork is trained, it is implemented as a neural 
controller that is used to control the actuator during actual or 
test ?ight conditions. Based on the aircraft’s ?ight 
performance, the neural controller is tuned by adjusting 
inputs to the neural controller such that the neural controller 
properly maintains the stability of the aircraft. 

Even though the principles of the various embodiments of 
the invention described herein are suitable for controlling 
aircraft in general, for ease and clarity of explanation, the 
invention Will be further disclosed in the context of control 
ling remote controlled (RC) aircraft. More particularly, a 
neural netWork and resulting neural controller suitable for 
controlling a RC model rotary-Wing aircraft such as, by Way 
of example, a helicopter, Will be disclosed. It is appreciated 
that the principles of the invention disclosed herein in 
conjunction With the control of RC model helicopters may 
be utiliZed to control RC model ?xed-Wing aircraft as Well 
as actual rotary and ?xed-Wing aircraft (i.e., non-model 
aircraft). 


















